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論 文 の 要 旨 
     Yam (Dioscorea spp.) is a tropical crop which produce tuber, the commercially most important 
part of the plant. Among the 644 species identified, only 10 are cultivated as staple food crops in 
Africa, West Indies, Asia and South and Central America. In West Africa more than 60 million 
people depend on yam for their food (Asiedu and Sartie, 2010). Despite this importance, little 
attention has been given to the crop in term of research programs. Among the studies carried out to 
improve yam tuber yield, opposite trends to fertilizer regimes have been reported (Diby et al., 2009; 
Ettien et al., 2014). Several bacteria have been reported to promote growth in non-legumes 
(Muangthong et al., 2015). The two pioneer studies carried out on the association yam-endophytic 
bacteria revealed a potentially benefic symbiotic relationship with a particular interest for nitrogen 
acquisition (Rezaei et al., 2017; Takada et al., 2018). However, the symbiotic association with other 
important yam accessions has never been studied. Hence we conducted a comparative study to 
evaluate the diversity of endophytic nitrogen-fixing bacteria (ENFB) and estimate biological 
nitrogen fixation (BNF) in different yam accessions under three fertilizer regimes.  
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1. Isolation and Identification of nitrogen-fixing bacteria associated with water yam 
(Dioscorea alata L.) and lesser yam (Dioscorea esculenta L.). 
     The aim of this study was to isolate and identify ENFB from 19 accessions of two yam species 
under urea application along with a control. The results show that forty-one (41) endophytic 
bacteria were isolated from surface-sterilized roots, stems and leaves of yam accessions grown in 
nutrient-poor subsoil for 160 days after planting. The 16S rRNA gene sequencing showed that the 
41 isolates were grouped into 18 genera including Bacillus, Bradyrhizobium, Devosia, Ensifer, 
Mycobacterium, Neorhizobium, Paenibacillus, Pseudoxanthomonas, Rhizobium and Xanthomonas. 
Most endophytes showed positive response to the nitrogenase activity and were found in the stems 
(21) and the roots (14), while only six were from the leaves. In Dioscorea esculenta, the nitrogenase 
activity, evaluated through values of the acetylene reduction assay (ARA) ranged from 4.1 to 57.4 
nmol C2H4 tube/24h and from 4.1 to 164 nmol C2H4 tube/24h in Dioscorea alata. The types of 
endophytic bacteria isolated were different among yam species and allowed to cluster the 19 
accessions into 3 groups according to the dominant bacterial genera. These findings indicate that the 
studied yam accessions differ in their symbiotic association with endophytic diazotrophic bacteria. 
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2. Growth and biological nitrogen fixation in water yam (Dioscorea alata L.) under different 
fertilization practices. 
     Plant internal environment harbors several microorganisms that exhibit beneficial effects to 
the growth, adaptability and productivity of their host plants. Diazotrophs are bacteria responsible 
for biological nitrogen fixation in plants. Yam is an important tuber crop for food security in West 
Africa, but also is the most neglected crop in term of research. This experiment evaluated endophytic 
nitrogen-fixing bacteria associated with 4 strains of water yam grown under different fertilizer 
regimes and the biological nitrogen fixation through leaf δ15N. The results revealed that nitrogen 
content in plant was increased under urea treatment and plant dry weight and nitrogen uptake were 
improved under cow manure application. However, response of yam accessions to the treatments 
varies significantly. Leaf δ15N of control plants decreased over time from 60 days after planting 
(DAP) in all accessions and BNF ranged from 13 to 40%. Under urea application, leaf δ15N of all 
accessions decreased and reached the value of the urea (-3.34 ‰), except accession A-18 for which 
leaf δ15N increased towards soil δ15N (+7.12‰). Under cow manure application leaf δ15N was around 
the value this organic material (+22.03‰). Sampling dates and yam accessions strongly affected the 
number and diversity of isolated endophytic bacteria. Proteobacteria represented 77% of total 
isolates and most isolates were from the roots. The predominant genera were Rhizobium, 
Mesorhizobium and Devosia. The results suggest that BNF in water yam can provide plant with 
substantial amount of fixed nitrogen. The results of leaf δ15N under the three fertilizer regimes 
suggest that accessions A-19, A-62 and A-133 take up the most available source of N but can rely 
on BNF under nutrient-poor conditions. On the opposite, A-18 seems to prefer organic sources of N 
than the chemical forms. However, the lack of correlation between the numbers of bacteria isolated 
and plant dry weight and BNF suggests that all endophytic diazotrophs isolated were not functionally 
active at the sampling dates. 
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3. Contribution of Biological Nitrogen Fixation in Lesser Yam (Dioscorea esculenta L.) 
Associated with Endophytic Diazotrophic Bacteria 
     Three accessions of lesser yam (Dioscorea esculenta L.) were grown under different fertilizer 
regimes in pots for 220 days at Miyako Island, Okinawa, Japan. Biological nitrogen fixation was 
evaluated in non-fertilized plants. Nitrogen-fixing endophytic bacteria were isolated on nitrogen-
free Modified Rennie medium. Results show that growth of lesser yam was affected by fertilizer 
regimes. Plant nitrogen content was increased under chemical fertilizer and organic matter 
treatments, while plant dry matter was higher under control and cow manure treatments. Leaf δ15N 
decreased over time in control plants. BNF ranged from 20% in E-1 to 65% in E-2. Under chemical 
N fertilizer treatment, leaf δ15N of all accessions decreased from soil value (7.12‰ at 60 DAP) to 
the value of urea (-3.34 ‰) at 180 DAP. All the values of leaf δ15N under cow manure treatment 
were around +22.03‰, which corresponds to the value of the organic material applied before 
planting yam seed tubers. A total of 89 bacteria strains belonging to 23 genera and 66 species were 
isolated from root, stem, tuber and leaf. Surprisingly, most endophytic diazotrophic bacteria were 
isolated from the leaves and the stems (76%) in all accessions. Proteobacteria including bacterial 
genera such as Acinetobacter, Pantoea, Pseudomonas, Pseudomonas, Serratia and 
Stenotrophomonas were identified as well as Actinobacteria and Firmicutes (Bacillus and 
Paenibacillus). This study suggests, for the first time that lesser yam can obtain substantial amount 
of nitrogen from air in association with diazotrophic endophytic bacteria. This is to our knowledge 
the first report on estimation of BNF in lesser yam. Our findings suggest that E-2 and E-3 can 
efficiently adjust their strategy for nutrient uptake according to the soil nutritional status, taking 
advantage of the available forms of nitrogen. The reaction of E-1 under the tested fertilizer regimes 
is not clear. However, based on the values of leaf δ15N, it can be suggested that E-1 is not efficient 
in BNF although several types of ENFB were isolated.   
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4. Evaluation of plant-growth promoting traits in endophytic bacteria isolated from yam. 
     Among the isolated bacterial strains the previous experiments, 50 strains were randomly 
selected for testing their ability to produce indol-3-acetic acid (IAA), siderophores and solubilize 
calcium-phospahte as well as the nitrogenase activity through the acetylene reduction assay (ARA). 
The results show that all the tested strains were positive to ARA test with different ranges, from as 
low as 2 ppm to 90 ppm ethylene produced per ml after 24h. 30 strains were able to produce IAA 
ranging from 11 to 396 ppm. 30 strains could solubilized Calcium-phospahte with solubilization 
indexes between 1.4 and 4.9. Siderophores were produced by 21 strains with a production index 
between 1.4 and 3.8. Nine strains were found positive to all tests. These strains are good candidates 
for yam bio-fertilization. 
       
Conclusion 
     The findings of this research suggest that yam internal tissues are colonized by beneficial 
bacteria which help the crop in its nitrogen nutrition through biological fixation. Hence, depending 
on yam genotypes and fertilization practices, substantial amount of N can be fixed. In water yam, 
the accession A-18 is a good model genotype for studying the interaction between yam and ENFB 
or other interesting plant-growth promoting trait as several of these bacteria can fulfill one or more 
beneficial traits. Further studies are needed to select the promising strain as yam bio-fertilizer, and 
to evaluate the efficacy of this symbiosis under agricultural field conditions. 
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